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Background: The side-comparative coracoclavicular (CC) distance is used to describe the vertical instability component of acute
acromioclavicular (AC) joint dislocations. Elevation of the clavicle or a depression of the shoulder girdle can lead to an increased CC
distance. The dislocation direction has not yet been investigated and is not included in common classification systems.
Hypothesis: Clavicle elevation is primarily responsible for vertical dislocation in AC joint separation.
Study Design: Cross-sectional study; Level of evidence, 3.
Methods: Weighted and nonweighted bilateral plain anteroposterior views of the shoulder girdles of patients with AC joint dis-
locations (Rockwood [RW] types III and V), diagnosed in our trauma department between 2001 and 2018, were included in this
study. After determining the CC distance, a side-comparative determination of the positions of both the clavicle and shoulder
girdle, with reference to the spinal column, was conducted.
Results: In total, 245 bilateral plain anteroposterior views were evaluated (RW III, n ¼ 116; RW V, n ¼ 129). All patients showed a
side-comparative clavicle elevation (mean ± SD: RW III, 5 ± 14 mm; RW V, 11 ± 17 mm) in weighted and nonweighted views. While
no depression of the shoulder girdle was measured in RW III injuries (weighted and nonweighted views, 0 ± 11 mm), dropping of the
shoulder girdle in RW V lesions on nonweighted views was observed (–5 ± 11 mm).
Conclusion: Vertical dislocation is mostly associated with clavicle elevation in RW III injures, while in high-grade AC joint dis-
locations (RW V), a combination of clavicle elevation and shoulder girdle depression is present. A significantly greater superior
displacement of the clavicle in RW V injuries was seen in weighted views, while a depression of the shoulder girdle could be
detected in nonweighted views. For the first time, these results include the dislocation direction in the classification of an AC joint
injury. Further studies are needed to investigate the extent to which dislocation types differ in optimal therapy and outcome.
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Acromioclavicular (AC) joint dislocations are one of the
most common shoulder injuries that typically occur in
young adult athletes.8 Direct or indirect mechanical
trauma to the AC joint can result in ligament rupture with
a subsequent instability.6 Especially in higher-grade AC
joint dislocations, persistent impairment of shoulder func-
tion can occur.5 The classification of injury severity and
therapy recommendations is essentially based on the
degree of vertical and horizontal displacement.7 While
current studies investigate mainly the horizontal instabil-
ity component,3,13 the degree of vertical instability is clas-
sified according to the radiological classification system
presented by Rockwood12 in 1989. In addition to an ana-
tomic description of injured structures, the side-
comparative coracoclavicular (CC) distance is used to
describe the vertical instability component.12 Vertical
instability, as measured by the increased CC distance,
becomes clinically visible by elevation of the injured clavi-
cle. In contrast, some authors describe a “pseudo-elevation”
of the clavicle in which the clavicle retains its position but
depression of the shoulder girdle occurs owing to the loss of
the bony bridge to the thorax.6
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Increased CC distance is caused by elevation of the distal
clavicle, depression of the shoulder girdle, or both. The
direction of dislocation is not currently taken into account,
nor is it included in current classification systems, which
are based on only the increased CC distance. Therefore, the
aim of the study was to evaluate whether the elevation of
the clavicle or the depression of the shoulder girdle is
mainly responsible for the vertical dislocation.
METHODS
This study was approved by the ethics committee of the
University of Regensburg. Patients with acute high-grade
AC joint separations (Rockwood III and V) diagnosed in
our trauma department between 2001 and 2018 were iden-
tified. Patients with bilateral plain anteroposterior views
of the shoulder girdles (weightbearing or nonweightbear-
ing) were included. Bilateral views with incorrect projec-
tion or low image quality and patients with bilateral AC
joint injuries, fractures of the shoulder girdle, or concom-
itant injuries of the upper extremities were excluded.
Radiological Evaluation
Radiological evaluation was carried out on the basis of
bilateral plain anteroposterior views of the shoulder girdles
in the upright position. Nonweightbearing views and stress
views with 15-kg axial load on both sides (weighted views)
were evaluated.
Radiological measurements were carried out after an
exact perpendicular alignment of the spinal column (Fig-
ures 1 and 2). All measurements were performed digitally
using OsiriX MD (Pixmeo) software.
CC Distance and Rockwood Classification
The CC distance is the distance between the coracoid pro-
cess (highest point) and the clavicle (inferior cortex). After
the CC distance was measured on the affected and non-
affected side, DCC was calculated as the percentage
increase of the CC distance of the affected side as compared
with the nonaffected side, DCC (%) ¼ (affected side / non-
affected side  100) – 100. The CC distance measurements
Figure 1. Standardized radiological measurement (mm) in a patient with a Rockwood type V injury of the left acromioclavicular
joint. Bilateral plain views of the shoulder girdles with a 15-kg axial load on both sides (weighted). (A) Measurement of the
coracoclavicular distance on the nonaffected side (*) and the affected side (**). (B) Position determination of the clavicle (***). In
this case, a superior displacement of the affected clavicle is measured. (C) Position determination of the shoulder girdle (****). In this
case, a slightly higher shoulder girdle of the affected side as compared with the nonaffected side is measured.
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were performed on both sides using the same distance of 3
cm to the lateral clavicle end (Figures 1A and 2A, dotted
line).
DCC was used to grade the injuries according the
Rockwood classification.12 In Rockwood type III injuries,
DCC is between 25% and 100%. In Rockwood type V, DCC
is >100%.
Position Determination of the Clavicle
The position of the clavicle was determined by a side-
comparative height measurement with reference to the
spinal column. After perpendicular alignment of the spine,
horizontal lines (90 to the spine) could be drawn up to the
upper cortex of the lateral end of the clavicles on both
sides. The height difference of both clavicles was then
measured in millimeters (DCla). Figure 1B shows a supe-
rior displacement of the clavicle as compared with the
nonaffected side, while a slightly inferior displacement
can be observed in Figure 2B.
Position Determination of the Shoulder Girdle
The position of the shoulder girdle was also evaluated by a
side-comparative height measurement. The highest point
of the coracoid process was defined as reference for the
shoulder girdle. Analogous to the clavicle measurement,
horizontal lines 90 to the spine were used for the side-
comparative position determination. The height difference
of both shoulder girdles was then measured in millimeters
(DSG). Figure 2C shows a dropping of the shoulder girdle as
compared with the nonaffected side, while the affected
shoulder girdle in Figure 1C is slightly higher.
Statistical Analysis
Statistical analysis was carried out using SPSS (v 25; IBM).
The chi-square independence test was performed to com-
pare categorical variables, and the independent t test was
used to compare continuous variables after determining
that all variables were normally distributed (Kolmogorov-
Smirnov normality test). P values <.05 were considered
significant. All graphs are displayed as mean value and
95% CI.
RESULTS
In total, 245 patients (female, 24; male, 221) met the inclu-
sion and exclusion criteria. Table 1 summarizes the injury
patterns and radiological modalities of the included
patients.
Dislocation Direction Depending
on Rockwood Classification
The overall collective (weighted and nonweighted views)
showed a mean ± SD side-comparative clavicle elevation
(DCla) of 8 ± 16 mm, while a mean dropping of the shoulder
girdle (DSG) of 1 ± 12 mm could be measured.
Figure 2. Standardized radiological measurement (mm) in a patient with a Rockwood type V injury of the left acromioclavicular
joint. Bilateral plain views of the shoulder girdles without axial load (nonweighted). (A) Measurement of the coracoclavicular
distance on the nonaffected side (*) and the affected side (**). (B) Position determination of the clavicle (***). In this case, a slightly
inferior displacement of the affected clavicle is measured. (C) Position determination of the shoulder girdle (****). In this case,
dropping of the affected shoulder girdle as compared with the nonaffected side is measured.
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In total, 116 patients with Rockwood III and 129 patients
with Rockwood V AC joint dislocations were analyzed. In
patients with Rockwood III injuries, a superior clavicle dis-
location, regardless of weighted (n ¼ 84) or nonweighted
views (n ¼ 32), could be found (DCla weighted views, 6 ±
14 mm; DCla nonweighted views, 4 ± 14 mm; P ¼ .619). In
these patients, no side-comparative dropping of the shoul-
der girdle was measured (DSG weighted views, 0 ± 11 mm;
DSG nonweighted views, 0 ± 11 mm; P ¼ .927).
In patients with high-grade AC joint dislocations (Rock-
wood V), differences between weighted (n ¼ 69) and non-
weighted (n ¼ 60) views were observed. A significantly
greater superior displacement of the clavicle in weighted
versus nonweighted views was measured (DCla weighted
views, 14 ± 18mm; DCla nonweighted views, 6 ± 14mm; P¼
.009). In nonweighted views, a greater depression of the
shoulder girdle was detected as compared with weighted
views (DSG nonweighted views, –5 ± 11 mm; DSG weighted
views, 2 ± 15 mm; P ¼ .002) (Figure 3).
Dislocation Direction Depending on CC Distance
Figure 4 shows the side-comparative vertical position of the
clavicle (DCla) and shoulder girdle (DSG) as a function of
the relative CC distance (DCC, %) in nonweightbearing
views. With increasing CC distance, a significant elevation
of the clavicle could be detected (P ¼ .026). Additionally, a
depression of the shoulder girdle is present from DCC
>100%, whereby no significant trend toward an increase
in shoulder girdle depression can be shown with increasing
DCC (P ¼ .239).
In contrast, the analysis of weightbearing views showed
that elevation of the clavicle occurs with increasing DCC
(P < .001), but the side-comparative shoulder girdle posi-
tion remains unchanged (P ¼ .219) (Figure 5).
DISCUSSION
The key findings of the present study are as follows:
 In Rockwood III injuries, the pathological CC distance is
caused by an elevation of the clavicle, while the side-
comparative shoulder girdle position is equal.
 Rockwood V AC joint separations show different find-
ings: In nonweighted views, a combination of clavicle
elevation and depression of the shoulder girdle is
responsible for the vertical displacement.
The severity of AC joint dislocations and the treatment
decision are primarily determined by the degree of vertical
and horizontal instability. In clinical practice, the radiolog-
ical classification system according to Rockwood12 is
TABLE 1
Injury Patterns of Included Patients
Total Rockwood Type III Rockwood Type V
Patients, n 245 116 129
CC difference,a mm, mean ± SD 8.6 ± 5.1 4.5 ± 2.1 12.4 ± 4.1
DCC,b %, mean (minimum-maximum) 100 (25-373) 48 (25-91) 147 (100-373)
Bilateral plain views, weighted:nonweighted, n 153:92 84:32 69:60
aCC difference: difference between coracoclavicular distance of the affected and nonaffected sides.
bDCC: percentage increase of the coracoclavicular distance of the affected side as compared with the nonaffected side.
Figure 3.Mean vertical dislocation of the clavicle and shoulder girdle in relation to the Rockwood classification and imaging study
modality (weightbearing vs nonweightbearing). Error bars indicate 95% CI.
4 Azar et al The Orthopaedic Journal of Sports Medicine
established, wherein the degree of vertical instability is
based on a side-to-side comparison of the CC distance. The
pathogenesis of vertical instability is not yet fully under-
stood. The pathognomonic sign of an AC joint dislocation is
elevation of the clavicle, while many authors understand
this phenomenon as a “pseudo-elevation” with concomitant
depression of the injured shoulder girdle owing to a loss of
bony fixation of the scapula to the thorax.4,6 The present
study deals for the first time with the question of what
causes vertical dislocation: elevation of the clavicle or
depression of the shoulder girdle. Standard imaging studies
include conventional assessment of bilateral AC joints.
Weighted and nonweighted conventional images are used
in clinical practice to assess vertical instability.1,2,9
Patients who received a conventional radiological exam-
ination of both AC joints (weightbearing and nonweight-
bearing views) within high-grade AC joint separations
(Rockwood III and V) were included in the present study.
When all patients were analyzed, regardless of radiological
imaging modality (weightbearing or nonweightbearing), an
elevation of the clavicle was measured with increasing ver-
tical dislocation, while no depression of the shoulder girdle
could be observed. These results support the clinical obser-
vation of an elevated clavicle within AC joint separations. If
differences in the radiological modality are taken into
account, differences between weightbearing and non-
weightbearing conventional radiographs, especially in
Rockwood V injuries, become apparent. By analyzing
Figure 4. Analysis of nonweightbearing views: Mean vertical dislocation of the clavicle and shoulder girdle in relation to the relative
coracoclavicular distance, DCC (coracoclavicular distance of the affected vs nonaffected side). With increasing DCC, a side-
comparative elevation of the clavicle and depression of the shoulder girdle could be detected.
Figure 5. Analysis of weightbearing views: Mean vertical dislocation of the clavicle and shoulder girdle in relation to the relative
coracoclavicular distance, DCC (coracoclavicular distance of the affected vs nonaffected side). With increasing DCC, a side-
comparative elevation of the clavicle could be detected. The side-comparative shoulder girdle position remained unchanged.
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nonweightbearing views in Rockwood V AC joint disloca-
tions, a combination of clavicle elevation and shoulder gir-
dle depression was observed.
These results are accompanied by the assumption of
some authors that vertical dislocation is a “pseudo-
elevation” of the clavicle with concomitant shoulder girdle
depression of the injured side.4,6,11 A possible explanatory
model for the elevation of the clavicle can be found analo-
gous to the mechanisms described in a clavicle fracture. It
is assumed that muscular traction, especially of the sterno-
cleidomastoid muscle, leads to a displacement of the clavi-
cle upward.10 Nevertheless, this explanatory model cannot
explain the observed dropping of the shoulder girdle. This
phenomenon can most likely be explained by a loss of the
bony connection between the scapula and the thorax, anal-
ogous to the observations made by Martetschla¨ger et al.6
While the scapula can still be sufficiently stabilized in
Rockwood III injuries, this seems to be no longer possible
in Rockwood V injuries with additional rupture of the delto-
trapezial fascia, which leads to a depression of the shoulder
girdle. However, by analyzing weightbearing views in Rock-
wood V AC joint dislocations, an elevation of the clavicle
without side-comparative dropping of the shoulder girdle
seems to be primarily responsible for the vertical dislocation.
Several limitations of the present study have to be dis-
cussed. First, this was a radiological study without evalu-
ation of clinical parameters. Nevertheless, clinical data
could not help answer the questions of the present study.
Additionally, there is a risk of measurement inaccuracy,
although all conventional radiographs with incorrect pro-
jection or low image quality have been excluded. Further-
more, it would have been desirable to have views of all
patients with and without weightbearing, which was not
possible because of radiation hygiene considerations. How-
ever, the separate evaluation of weighted and nonweighted
radiographs makes it possible to evaluate and discuss both
radiological modalities.
Despite the limitations listed, this is the first study to
clarify the question of what is responsible for vertical dis-
location in AC joint separations. While in Rockwood III
injuries an elevation of the clavicle could be shown, in Rock-
wood V injuries the shoulder girdle was also depressed.
Further studies must clarify to what extent these results
may influence treatment strategies for such injuries—for
example, through modified posttreatment protocols for sur-
gically treated AC joint separations—or whether dropping
of the shoulder girdle should be used as an additional factor
in the severity classification or as prognostic tool of such
injuries.
CONCLUSION
In Rockwood III injuries, vertical dislocation is mostly
associated with clavicle elevation, while in high-grade
AC joint dislocations (Rockwood V), a combination of clav-
icle elevation and shoulder girdle depression is present. A
significantly greater superior displacement of the clavicle
in Rockwood V injuries was seen in weighted views, while
a depression of the shoulder girdle could be detected in
nonweighted views.
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